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Abstract. The Swift Gamma-Ray Burst satellite has detected a largely unbiased towards absorption
sample of local (< z >≈ 0.03) AGN, based solely on their 14–195 keV flux. In the first 9 months
of the survey, 153 AGN sources were detected. The X-ray properties in the 0.3–10 keV band
have been compiled and presented based on analyses with XMM-Newton, Chandra, Suzaku, and
the Swift XRT (Winter et al. 2009). Additionally, we have compiled a sub-sample of sources
with medium resolution optical ground-based spectra from the SDSS or our own observations at
KPNO. In this sample of 60 sources, we have classified the sources using standard emission line
diagnostic plots, obtained masses for the broad line sources through measurement of the broad Hβ
emission line, and measured the [OIII] 5007Å luminosity of this sample. Based on continuum fits
to the intrinsic absorption features, we have obtained clues about the stellar populations of the host
galaxies. We now present the highlights of our X-ray and optical studies of this unique sample of
local AGNs, including a comparison of the 2–10 keV and 14–195 keV X-ray luminosities with the
[OIII] 5007Å luminosity and the implications of our results towards measurements of bolometric
luminosities.
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INTRODUCTION
Searching the sky in the very hard X-rays (14–195 keV), the Swift Burst Alert Telescope
(BAT) provides an unbiased view of local Compton thin active galactic nuclei sources
(AGNs). From the first 9 months of the BAT survey, a sample of 153 AGNs were iden-
tified with BAT fluxes of ≥ 2×10−11 ergs s−1 cm−2 [1]. These sources are nearby, with
average redshifts of 0.03, and bright, offering an excellent sample for multi-wavelength
follow-ups.
Following upon our analysis of the X-ray properties in the 0.3–10 keV band [2], we
have obtained and analyzed the optical spectra of 60 of the 9-month sources [3]. These
spectra include 27 from archived Sloan Digital Sky Survey (SDSS) observations and
40 from our follow-up observations with the Kitt Peak National Observatory’s 2.1-m
telescope. The sources include 80% of the ‘northern’ BAT-detected AGN, comprising a
representative sub-sample of the 9-month Swift AGN catalog. This sample consists of
50% broad line/X-ray unabsorbed and 50% narrow line/X-ray absorbed sources.
The emission line and host galaxy absorption/continuum properties were measured
for each of the optical spectra. Among our results we found that the emission line
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FIGURE 1. Left: Optical reddening, measured through the narrow Balmer line decrement, versus host
galaxy inclination (minor axis/major axis) is shown. There is no correlation for either the broad line
(triangles) or narrow line (circles) sources. This shows that the optical reddening originates closer to the
central black hole. Right: Optical extinction is shown as a function of the X-ray extinction, derived from
the X-ray hydrogen column density (NH = 2×1021AV ). No correlation is seen for the narrow line sources.
However, these values are linearly correlated for the broad line sources.
diagnostics indicate that the majority of the BAT-detected sources are optically identified
as Seyferts. We also find that the host galaxy properties, particularly from the narrow line
sources where the regions including the Ca II break and Hδ absorption are unaffected
by broad Balmer emission lines, are consistent with late type galaxies – the same result
found from narrow line sources, within the same redshift range as the Swift BAT sources,
in the SDSS studies [4]. With such a comprehensive database of the X-ray and optical
properties of the Swift BAT AGN sources, we can now begin to compare the properties
in both bands.
OPTICAL AND X-RAY EXTINCTION
The narrow line Balmer decrement, Hα/Hβ , is an indicator of the optical reddening
affecting a source. From our analysis of the optical spectra, we found that the amount
of reddening is lower for the broad line sources than the narrow line sources. We find
that the optical reddening, like the X-ray measured hydrogen column density, is not a
function of the host galaxy inclination angle (Figure 1a). This shows that for both the
optical and X-ray extinction, the primary source of absorbing gas and dust is not the host
galaxy but from a region closer to the central black hole.
We also find that the reddening in the optical is correlated with reddening estimated
from the X-ray derived column densities, but only for the Seyfert 1s (Figure 1b). For
the more heavily absorbed X-ray sources, the estimated X-ray extinction is greater than
the optical extinction by a factor of 10s–100s. Such differences in the optical and X-
ray extinction of narrow line sources have been noted in other samples and could be
caused by dust dominated with large grains, which absorb without causing much spectral
reddening [5], an X-ray absorber that does not cover the optical emission region, or the
presence of ionized absorbers, which absorb X-rays but have no opacity in other bands.
X-RAY AND [O III] LUMINOSITIES
The luminosity in the prominent [O III] λ5007Å emission line has often been used as
a proxy for the AGN bolometric luminosity [6]. However, ionization from hot young
stars as well as galactic extinction can affect the measurements of [O III]. Since the BAT
detects AGN in the 14–195 keV band, the energies probed are not affected by stellar
light and obscuration from all but the highest column densities (i.e. logNH > 24). When
we compare the BAT luminosities of the sources in our sample with our extinction
and stellar continuum corrected [O III] luminosities, we find only a weak correlation.
Further, there is a lot of scatter in the distribution, particularly for the absorbed sources.
This is also true in the observed [O III] luminosities. Therefore, our results confirm those
previously drawn from a smaller sample of Swift AGN [7], showing that caution needs
to be applied when using [O III] as an indicator of bolometric luminosity.
In addition to X-ray measurements in the BAT band, we were also able to compare
the [O III] luminosities with those obtained from spectral fits in the soft (0.5–2 keV) and
hard (2–10 keV) X-ray bands. We found that the Seyfert 1s had similar weak correlations
between [O III] and all of the measured X-ray bands (BAT, soft, and hard). For the
Seyfert 2s, however, the best correlation was seen between [O III] and the soft X-
ray band (Figure 2a). A similar result was also seen in AGN selected from the XMM
slew survey [8]. As shown in Figure 2b, the ratio of the soft to hard flux can also be
interpreted as the scattering fraction, as presented in the talk by Terashima. Sources
with low scattering fractions have small opening angles in the torus. Such sources are
heavily absorbed and tend to be missed in both optical and soft X-ray surveys.
MULTI-WAVELENGTH STUDIES OF THE BAT SAMPLE
As we have shown, the persistent brightness and low redshift of the Swift BAT detected
AGN make them an excellent sample for multi-wavelength follow-ups. We have com-
pleted an analysis of the 0.3–10 keV X-ray spectral properties for the 153 sources in the
9-month catalog [1]. We have also completed an analysis of the optical spectra (≈ 3700–
7500Å) of 60 of these sources. With continued study of these sources, we hope to gain
a full understanding of the properties of local AGNs and their host galaxies.
Towards this end, several other studies of the BAT AGNs are already underway.
Among these, a comparison of the IR [O IV], optical [O III], and X-ray 2–10 keV lumi-
nosity are presented in Meléndez et al. [7] for a sample of 40 BAT AGNs. Simultaneous
optical-to-X-ray spectral energy distributions are analyzed for 26 of the BAT AGNs in
Vasudevan et al. [9]. Additionally, some details of the optical host properties are pre-
sented in Winter et al. [2] as well as Schawinski et al. [10]. Further, the results of a full
analysis of the optical colors and morphologies are being compiled in Koss et al. (in
prep) and the Spitzer-based IR properties will be presented in Weaver et al. (in prep).
1038 1039 1040 1041 1042 1043 1044 1045
L0.52keV (ergs s
1 )
1037
1038
1039
1040
1041
1042
1043
1044
L
[O
II
I]
(o
b
s
) 
(e
rg
s
 s

1
)
10-3 10-2 10-1 100 101
fscat (%)
10-4
10-3
10-2
10-1
100
101
102
L
[O
II
I]
/L
2
1
0
k
eV
FIGURE 2. Left: For the narrow line sources (circles), we find that the greatest correlation exists
between the [O III] λ 5007Å luminosity and the observed 0.5–2 keV luminosity. Right: This correlation is
reminiscent of the findings presented by Terashima, where the scattering fraction of the torus is small in
these obscured sources, which have been missed in optically selected samples.
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